In this study we evaluated the impact of iodine substitution on the ability of subphthalocyanines (SubPc) to stimulate or regulate the function of macrophages. Previous studies have focused on the usage of phthalocyanines and their derivatives as treatment options against different types of cancer. In order to obtain better prognosis rates, their possible effects on the immune system cells should be delineated. Unique subphthalocyanines were designed and synthesized by our group and a derivative was generated via iodine substitution. In our study we further tested the effects of the new Subpcs on macrophage cell lines. Macrophages play an important role in the immune system through cytokine production and antigen presentation to other types of the immune system cells. They can define the type and the strength of the immune responses against a particular danger signal. Based on proinflammatory cytokine (TNFa, IL1b and IL6) production levels by macrophages, unsubstituted SubPc had anti inflammatory properties. However, iodine substitution on the same SubPc created a completely opposite effect since these iodosubstituted SubPc exerted an immunostimulatory effect on macrophages based on significant increases in the proinflammatory cytokine production levels compared to the untreated controls. While SubPcs can be used to suppress the proinflammatory activities of the macrophages, iodinesubstituted SubPcs have potentials to be used as adjuvants and immunostimulatory molecules.
INTRODUCTION
Subphthalocyanines (SubPcs) are aromatic macro cyclic compounds known as lower homologues of phthalocyanines (Pcs). SubPcs consist of a boron atom in the center which is surrounded by three diiminoisoindole rings Nfused to constitute a 14pelectron aromatic macrocycle [1] . SubPc exhibit intense absorption in the UV region (< 400 nm) and in the visible spectral range (550-650 nm), known as the Q band, which gives rise to a remarkable pink color of its solutions [2] . The most important photochemical advantage of SubPcs over the related planar phthalocyanines is that their particular conical structure provides them with relatively high solubility and a low tendency to aggregate [2] . The structureproperties of SubPc depend on the substituted positions and the electronic nature of the substituents and can be easily modified by attaching appropriate functional groups to the peripheral or the axial position of the SubPc core [3] . The peculiar photophysical and chemical properties of SubPcs, hence, make them an advanced materials for many applications including organic electronics [4] , photovoltaics [5] , OLEDs [6] and supramolecular chemistry [7] . Even though particular SubPc derivatives are recognized as photosensitizers for biological applications such as photodynamic therapy (PDT) of cancer because of their intense fluorescent emission with high fluorescence and singlet oxygen quantum yields, there are not enough studies about their use in biomedical research [8] .
In terms of their biotechnological applications, in recent years Pcs have been used extensively in the preliminary applications of photodynamic therapy (PDT) and anticancer research. Due to their characteristics including low dark toxicity, high singlet oxygen quantum yield and high extinction coefficients within the therapeutic window (600-800 nm), these molecules bear high potential as PDT therapeutics against tumor cells [9] . These compounds' promising effects have been studied extensively by in the literature whereas their possible effects, either positive or negative, on the immune system cells have not yet been evaluated. It is crucial to focus on their possible effects on the immune system, since multiple studies have shown that generation of a proper and intact immune response against tumor cells plays an important role in enabling better cancer prognosis rates [10] [11] [12] [13] [14] . Moreover, due to their electron transport capacity, we hypothesized that these materials could interfere with cellular activities and alter their functions, possibly by interfering the electron transport processes within the cells. However, to the best of our knowledge, the ability of subphthalocyanines (SubPcs) to stimulate and/or regulate macrophage function has not yet been investigated. Knowledge of the effects of Pcs, SubPcs and their derivatives on the immune system would prevent possible immunotoxic side effects and would also enable more efficient use of these molecules according to medical needs [15] . Depending on the requirements for eradicating tumor cells, either a pro or antiinflammatory environment, a specific selection of Pcs and SubPc with proper immunosuppressive or immunostimulatory activities can be utilized. Furthermore, proinflammatory Pcs and SubPcs can find applications in vaccine formulations as adjuvants. Anti inflammatory molecules can also be utilized in the field of medicine against chronic inflammation and autoimmune reactions [15] .
In our studies, possible immunostimulatory and immunomodulatory roles of unique iodinesubstituted or nonsubstituted SubPc (Fig. 1) were examined on the mouse macrophage cell line. Macrophages were the main focus of our experimental design due to their indispensable role at the different stages of the immune responses. They play a crucial role in the inflammatory responses through proinflammatory cytokine production. These cytokines are TNFa, IL1b, IL12, GMCSF and IL6 [16] [17] [18] [19] [20] [21] [22] [23] [24] . Due to their phagocytic capacities, macrophages can present dangerassociated antigens to other immune system cells and further regulate their activities [25] [26] [27] [28] . They play an important role in the elimination of pathogens, toxins and cellular debris through phagocytic activities [24] [25] . Not only in the generation of an inflammatory response but also in the resolution of the inflammation and wound healing processes, these cells have important roles [29] [30] . Our results suggest that iodinesubstituted SubPc and unsubstituted SubPc had differential effects on the proinflammatory TNFa, IL1b and IL6 cytokines' production levels by the macrophages in vitro. SubPcs had antiinflammatory effects but, through iodine substitution, they gained proinflammatory properties. This differential effect can be utilized in drug design and medicinal applications.
EXPERIMENTAL Methods

In vitro cell activation studies
Cell Culture. RAW 264.7 cells were purchased from ATCC and grown in Roswell Park Memorial Institute media (RPMI 1640) media with %10 fetal bovine serum, %1 antibiotics (100 mg/ml penicillin and 100 μg/ml streptomycin) and sodium pyruvate. Cells were incubated at 37 °C in 5% CO 2 . Cell media was refreshed once in every 4 days until it reached sufficient confluency to be used in the experiments.
SubPc derivatives, and Lipopolysachharide (LPS) stimulation to mimic danger signal. RAW 264.7 cells were put in 1 × 10 6 cells/well concentration in 1 ml fresh complete RPMI as described above into 24well plates, then they were rested overnight in a 37 °C 5% CO 2 incubator. We tested the effect of 1, 10 and 100 mg/ml SubPc and triiodo SubPc on RAW 264.7 cells in the presence and absence of inflammatory stimulator LPS. 1 ml of LPS (1 mg/mL, Enzo Life Sciences, Salmonella minnesota R595) was put into 1 mL media of containing cells that had rested overnight. The same volume of DMSO was put into control negative and LPSonly wells. Then cells were treated with the SubPc, triiodo SubPc and LPS for 24 h in a 37 °C 5% CO 2 incubator. Afterwards, supernatants from each well were collected into Eppendorf tubes and centrifuged at 2000 RPM to get rid of any cellular debris, then supernatants were transferred into fresh Eppendorf tubes and kept at 80 °C before further examination. All experimental conditions were tested in triplicate. In order to measure IL1b production by RAW 264.7 cells, freshly prepared 5 mM ATP (Fisher Scientific) was put into each well 2 h before harvesting. The same experimental set up as stated above was used. TNFα, IL6 and IL1b ELISAs. TNFa, IL6 and IL1b production was measured by using an enzymelinked immunosorbent assay (ELISA). For each cytokine type a ELISA kit (BD Biosciences, CA, USA) was used following the manufacturer's instructions. Maxisorb 96 well plates (Krackeler) were first coated overnight with hamster antimouse cytokine (0.5 mg/mL in bicarbonate buffer pH = 9.5, 100 mL/well). After removing the solution, the plate was washed 3 times with 0.05% Tween 20 PBS. Then plate was blocked with 200 mL blocking buffer (1% BSA PBS) in each well after 3 h of incubation at room temperature. After washing the plate 3 times samples were put as 100 mL into each well and incubated overnight at 4 °C. After washing the plate 3 times, 100 μL biotin human antimouse cytokine (0.5 mg/mL 10% FBS PBS'te) was put into each well and each plate was incubated at room temperature for 2 h. After discarding the solution, the plate was washed 3 times and 100 μL of Streptavidin HRP solution was put into each well and the plate was incubated for 2 h at room temperature. Then the plate was washed 3 times and 100 μL TMB substrate (BD OptEIA) was put into each well, 50 mL of 1 M sulfuric acid was used to stop the reaction and absorbance was measured at 450 nm. The concentration of TNFa, IL1b and IL6 in each sample was calculated using known concentrations of each cytokine as a standard.
Cell counting and proliferation. After removing the supernatant media, the cells were resuspended in 1 ml PBS and measured by mixing 10 mL of cells and 90 mL of Trypan Blue (0.1 mM) and counting them using a hematocytometer and microscope.
Synthesis
SubPc 1 [31] and triiodoSubPc 2 [32] were synthe sized according to the literature procedures. The cyclo trimerization the corresponding phthalonitrile in the presence of BCl 3 in pxylene followed by the nucleophilic substitution of the axial chlorine atom with 4tert butylphenol in toluene led to the desired compounds in good yields (Scheme 1).
Statistical analysis
GraphPad Prism Software version 5 was used for statistical analysis and for each data set there were nine independent results and unpaired two tailed ttest was executed to determine statistical significance.
RESULTS AND DISCUSSION
Iodinesubstituted SubPc stimulated the macrophages in the absence of the danger signal whereas unsubstituted SubPcs were not immunostimulatory.
We activated mouse macrophage cells in vitro in the presence of 1 mg/ml LPS from gram negative E. coli bacteria. LPS mimics the danger signal and activates the macrophages. When we used increasing concentrations (1, 10 and 100 mg/ml) of SubPc and incubated them 24 h with the macrophages, no production of proinflammatory cytokines TNFa, IL1b and IL6 (Fig. 2) . LPSstimulated control wells had substantial amounts of TNFa, IL1b and IL6 production, indicating that SubPc molecules were not immunostimulatory at those concentrations (Fig. 2) . In contrast, when we used triiodosubstituted SubPc (2) at the same concentration levels, there were significant and substantial amounts of proinflammatory TNFa and IL1b production by the macrophages (Fig. 3) . could not lead to IL6 production by the macrophages (Fig. 3) . Our results suggest that iodine substitution of subphthalocyanine leads to immunostimulatory activity on the macrophages even in the absence of the danger signal.
SubPc had anti-inflammatory effect on LPSstimulated macrophages whereas triiodo-substituted SubPc lacked that activity
In order to evaluate the immunomodulatory role of SubPcs 1 and 2, 1, 10 and 100 mg/ml of our chemicals were applied to the macrophages in the presence of 1 mg/ml LPS (Figs 4 and 5) . After 24 h, the supernatants were collected to measure the proinflammatory TNFa, IL1b and IL6 cytokine levels. Compared to onlyLPSstimulated positive control wells, there were significant decreases in TNFa, IL1b and IL6 cytokine levels in SubPctreated wells (Fig. 4) . However, TNFa and IL1b production was comparable between iodosubstituted SubPctreated and LPSstimulated macrophages and onlyLPSstimulated positive control macrophages (Fig. 5 ). There was a slight but significant decrease in IL6 production by LPS and triiodo SubPctreated macrophages compared to LPS stimulated macrophages (Fig. 5) . Thus, SubPcs lost their antiinflammatory capacity with iodine substitution.
We utilized from Trypan Blue to count the chemically treated macrophages and calculate the cell viability. SubPc did not affect the cell viability at all used concentrations, whereas triiodosubstituted SubPc had a mild but significant cytotoxic effect on the macrophages at 100 mg/ml concentration (Fig. 6) .
We evaluated the immunostimulatory and immuno modulatory activities of SubPc and its iodinesubstituted counterpart. Although subphthalocyanine derivatives have gathered much attention about their potential usage in PDT against tumor cells, their possible effects on the immune system have not been studied extensively [9] [10] [11] [12] [13] [14] . Depending on the tumor type, proinflammatory environment might further help the tumor cell growth and differentiation. Lung, bladder, colorectal, pancreatic carcinomas and melanoma prefer proinflammatory environments for better growth [33] . Therefore, using a proinflammatory Pc or SubPc against these tumor types 6 cells/ml cell concentration was used and DMSO was used for negative control, 1 mg/ml of LPS and DMSO was used for positive control and 1, 10 and 100 mg/ml of the chemicals dissolved in DMSO without LPS were applied to the cells. Student t test was applied for statistical analysis, p < 0.0001 N = 9 6 cells/ml cell concentration was used and DMSO was used for negative control, 1 mg/ml of LPS and DMSO was used for positive control and 1, 10 and 100 mg/ml of the chemicals dissolved in DMSO without LPS were applied to the cells. Student t test was applied for statistical analysis, p < 0.0001 N = 9 would create an environment that might enable further growth and differentiation of the respective tumor types. In the case of these tumors, Pcs and SubPcs with anti inflammatory activities would be a double hit, since they would be eliminating tumor cells and at the same time clearing the tumor microenvironment from inflammatory background.
There are cases where a proinflammatory environment would have deteriorating effects on tumor generation and growth [34] . Furthermore, proinflammatory cytokines would also activate the immune system cells, such as Natural Killer Cells and T cells, that target tumor tissues [33] [34] [35] [36] . In those cases, proinflammatory Pcs and SubPcs would be more useful in targeting tumor cells. By generating Pcs and SubPcs and further characterizing their biological activities, especially on immune system cells; we will develop a repertoire of synthetics that we can be used depending on the tumor type or a disease type that being targeted.
Moreover, these synthetics can also be used as anti inflammatory drugs, or if they have an opposite effect, as immune boosting drugs as well being used as adjuvants in the vaccines. Our hypothesis was based on the electron transfer capacity of the subphthalocyanines and their derivatives. This property can influence the potential effect of the cellular activities and alter their functions by manipulating the electron transfer processes at the cellular level. Based on this rationale we created and tested immunostimulatory as well as immunomodulatory roles of a subphthalocyanine molecule (Fig. 1) and its triiodosubstituted derivative.
In the absence of iodine substitution, SubPc were not able to stimulate macrophages (Fig. 2) . However, when iodine was substituted into SubPcs they gained immunostimulatory activity by leading to pro inflammatory TNFa and IL1b cytokine production even in the absence of a danger signal mimic LPS (Fig. 3) . IL6 stands out as a late proinflammatory cytokine and 6 cells/ml cell concentration was used and DMSO was used for negative control, 1 mg/ml of LPS and DMSO was used for positive control and 1, 10 and 100 mg/ml of the chemicals dissolved in DMSO with LPS were applied to the cells. Student t test was applied for statistical analysis, p < 0.0001 N = 9 6 cells/ml cell concentration was used and DMSO was used for negative control, 1 mg/ml of LPS and DMSO was used for positive control and 1, 10 and 100 mg/ml of the chemicals dissolved in DMSO with LPS were applied to the cells. Student t test was applied for statistical analysis, p < 0.0001 N = 9 although it has some overlapping functions with TNFa and IL1b, it differs from them in terms of production time and mechanisms [37] [38] [39] . Triiodosubstituted SubPcs were not able to induce IL6 production in macrophages (Fig. 3) . More interestingly, SubPc had an antiinflammatory effect on LPSstimulated macrophages based on decreases in proinflammatory TNFa, IL1b and IL6 production levels compared to onlyLPSstimulated positive controls (Fig. 4) . Iodine substitution eliminated this property of SubPc almost completely except for a slight antiinflammatory activity on IL6 production of LPSstimulated macrophages (Fig. 5) . Our reagents did not induce a substantial change in cell viability of macrophages except for the highest concentration of iodosubstituted SubPc which caused a slight decrease in the percentage of live cells.
SUMMARY AND CONCLUSIONS
Our results suggest that iodine substitution of SubPcs lead to an almost opposite functional activity on macrophage cells. SubPc had antiinflammatory activity on macrophages, whereas iodosubstituted SubPc 2 had adjuvant and immunostimulatory functions. Our results imply that if used for PDT purposes against tumor cells, SubPc would be more beneficial to target tumor types that are negatively affected by antiinflammatory environments. While iodosubstituted SubPc 2 can be used against tumor cells that would be negated in pro inflammatory environment. Iodosubstituted SubPc 2 has a strong potential for use as adjuvants in different types of vaccines including cancer vaccines. The reason behind this difference might stem from the presence of iodine in the structure, which might lead to a substantial difference in the electron mobility of the SubPc. This difference, in turn, could affect the cellular processes that highly involve electron transfers. In our current studies, we are focusing on the mechanism of the action of Subpcs on the cells in order to delineate the structure activity relationship more profoundly. 6 cells/ml cell concentration was used and DMSO was used for negative control, 1 mg/ml of LPS and DMSO was used for positive control and 1, 10 and 100 mg/ml of the chemicals dissolved in DMSO with or without LPS were applied to the cells. Student t test was applied for statistical analysis, p < 0.0001 N = 9.
